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Description 

METHOD FOR FABRICATING 
INTEGRATED CIRCUITS HAVING BOTH 
HIGH VOLTAGE AND LOW VOLTAGE 

DEVICES 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates generally to the manufacture 
of semiconductor MOS devices. More particularly, the 
present invention relates to a high-voltage semiconductor 
MOS making process that is compatible with low-voltage 
semiconductor MOS making process. 

[0003] 2. Description of the Prior Art 

[0004] integrated circuits (ICs) containing both high-voltage and 
low-voltage devices such as high/low voltage MOS tran- 
sistor devices are known in the art. For example, the low- 
voltage device may be used in the control circuits as the 
high-voltage device may be used in electrically pro- 



grammable read only memory (EPROM) or the driving cir- 
cuits of the liquid crystal display. 

[0005] isolation structures such as field oxide layers, which in- 
crease the distance between the gate and the source/ 
drain and further decrease the transverse electric field in 
the channel, are used for preventing short channel effects 
of the high-voltage MOS device. Thus, the high-voltage 
MOS transistor devices can function during high-voltage 
(30V-40V) operations. 

[0006] Hitherto, for the ICs having both high-voltage and low- 
voltage devices, the production process applied for the 
low-voltage device is still limited to 0.5 to 0.6 micron 
technologies. However, in order to increase the integrity 
of the ICs, it is necessary to introduce more advanced 
technology, for instance, below 0.35-micron technology. 
Inevitably, complex anti-punch-through doping or multi- 
step well doping must be applied to produce a low- 
voltage device in such a small size to adjust the electrical 
properties of the device, and to prevent the punch- 
through problems that occur in the low-voltage device. 

[0007] | n addition to increasingly complex process steps for 

high/low voltage devices, there are some other drawbacks 
when applying prior art 40V high-voltage process in com- 



bination with advanced 3.3V low-voltage process. First, 
severe field oxide encroachment under SiN leads to con- 
trol problems of length and width of the active areas in 
the low-voltage device region. This is because the forma- 
tion of the post-implant oxide for both high-voltage N- 
well (HVNW) and the high-voltage P-well (HVPW), thermal 
drive-in for the HVNW and the HVPW, and removal of the 
post-implant oxide are executed after the SiN definition 
of active area. 

[0008] Secondly, formation and removal of the sacrificial oxide 
layer during the drive-in step for the grade doping re- 
gions (parts of source/drain regions of high-voltage de- 
vices) in the high-voltage device area lead to field oxide 
edge thinning, and thus adversely affecting low-voltage 
devices. Serious kink effects are observed when operating 
the low-voltage devices. 

[0009] Further, in accordance with the prior art method, the field 
doping layers in the high-voltage device area, which func- 
tion as a channel stop, are implanted into the substrate 
prior to the formation of field oxide layers. This is disad- 
vantageous because the dopants in the field doping layers 
will laterally diffuse when taking subsequent high- 
temperature grade doping region drive-in. 



[0010] Moreover, fence defect is found at the boundary between 

the high-voltage device area and the low-voltage device 

area after the definition and etching of polysilicon gates. 

This is because the poly gate for the high-voltage devices 

and poly gate of the low-voltage devices are defined by 

using two photo masks according to the prior art. 
Summary of Invention 

[001 1] Accordingly, it is the primary object of the present inven- 
tion to provide a method for fabricating integrated circuits 
having both high-voltage and low-voltage devices, which 
is capable of solving the above-mentioned problems. 

[0012] Another object of the present invention is to provide a 
high voltage (30~40V) process that is fully compatible 
with low voltage (3~4V) process. 

[0013] According to the claimed invention, a method of fabricat- 
ing integrated circuits having both high voltage and low 
voltage devices is disclosed. A provided substrate con- 
tains at least one high-voltage device area and at least 
one low-voltage device area, and a first pad oxide layer 
over the substrate. The method comprises the following 
steps: 

[0014] performing a first ion implantation process to form a first 
ion well of a first conductivity type in the substrate within 



the high-voltage device area; 

[0015] performing a second ion implantation process to form a 
second ion well of a second conductivity type in the sub- 
strate within the high-voltage device area; 

[0016] stripping the first pad oxide layer; 

[0017] forming a second pad oxide layer; 

[0018] forming a masking layer over the second pad oxide layer; 

[0019] forming a plurality of openings in the masking layer to 
exposed a portion of the second pad oxide layer; 

[0020] performing a third ion implantation process to implant 

ions of the first conductivity type into the second ion well 
within the high-voltage device area, to form a first drift 
layer; 

[0021] thereafter performing a fourth ion implantation process to 
implant ions of the first conductivity type into the low- 
voltage device area, to form a third ion well of the first 
conductivity type; 

[0022] thereafter performing a fifth ion implantation process to 
implant ions of the second conductivity type into the low- 
voltage device area, to form a fourth ion well of the sec- 
ond conductivity type; 

[0023] thereafter performing a sixth ion implantation process to 



implant ions of the second conductivity type into the first 

ion well within the high-voltage device area, to form a 

second drift layer; 
[0024] performing an oxidation process to form a plurality of 

field oxide isolation structures through the openings in 

the masking layer; 
[0025] removing the masking layer and the second pad oxide 

layer; 

[0026] forming a first gate oxide layer over the substrate; 

[0027] performing a seventh and eighth ion implantation pro- 
cesses to implant ions of the first conductivity type into 
the second ion well and implant ions of the second con- 
ductivity type into the first ion well, thereby forming a 
first channel stop regions within the high-voltage device 
area; 

[0028] performing a ninth ion implantation process to form a 
second channel stop region in the fourth ion well within 
the low-voltage device area; 

[0029] forming an anti-punch-through doping region in the 
fourth ion well; 

[0030] removing the first gate oxide layer within the low-voltage 
device area; 

[0031] growing a second gate oxide layer within the low-voltage 



device area; and 

[0032] formign a plurality of gate structures on the first and sec- 
ond gate oxide layers. 

[0033] other objects, advantages and novel features of the in- 
vention will become more clearly and readily apparent 
from the following detailed description when taken in 

conjunction with the accompanying drawings. 
Brief Description of Drawings 

[0034] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. In the drawings: 

[0035] Fig.l to Fig. 18 are schematic, cross-sectional diagrams il- 
lustrating the process steps of fabricating the integration 
of high-voltage devices and low-voltage devices accord- 
ing to a preferred embodiment of this invention. 
Detailed Description 

[0036] The present invention is directed to an improved method 
for making an integrated circuit having both high-voltage 
and low-voltage devices. It is noteworthy that the present 



invention is suited for making high-voltage MOS devices 
that have gate and drain terminals operated at a high 
voltage of about 30~40V and low-voltage MOS devices 
that have gate and drain terminals operated at a relatively 
low voltage of about 3~4V that is lower than conventional 
art (5~6V). The gate oxide for the high-voltage MOS de- 
vices (also referred to as "high-voltage gate oxide") has a 
thickness of about 700-900 angstroms and the gate ox- 
ide for the low-voltage MOS devices (also referred to as 
"low-voltage gate oxide") has a thickness of about 50~70 
angstroms. The present invention method is specifically 
suited for the manufacture of high voltage device having 
field oxide under gate structure and drift layers under the 
field oxide. The low-voltage devices according to this in- 
vention are particular LDD type MOS devices, but not lim- 
iting. The abbreviation "HV" and "LV", which are occasion- 
ally seen in the detailed description of the specification, 
stand for "high voltage" and "low-voltage", respectively. 
The abbreviation "HVNW" and "LVPW", which are also oc- 
casionally seen in the detailed description of the specifi- 
cation, stand for "high-voltage N well" and "low-voltage P 
well", respectively. 
[0037] please now refer to Fig.l to Fig. 18, which are schematic, 



cross-sectional diagrams illustrating the process steps of 
fabricating the integration of high-voltage devices and 
low-voltage devices according to a preferred embodiment 
of this invention. As shown in Fig.l, a semiconductor sub- 
strate 10 such as a P type silicon substrate is prepared. As 
specifically indicated, the semiconductor substrate 10 
comprises at least a high voltage device area 110 and a 
low voltage device area 120. In the high voltage (30~40V) 
device area 110, a plurality of high voltage MOS transistor 
devices are to be formed on the semiconductor substrate 
10. In the low voltage device area 120, a plurality of low 
voltage (3~4V) MOS transistor devices are to be formed in 
the subsequent processes. 
[0038] utilizing the zeroth layer alignment, in accordance with 
the preferred embodiment, a HVNW photo resist layer 14 
is patterned on a pad oxide layer 12. The HVNW photo re- 
sist layer 14 masks the low voltage device area 120 and 
portions of the high voltage device area 110 except the 
area to be N type implanted (N well region or high voltage 
N well region). The HVNW photo resist layer 14 has an 
opening 15 exposing the high voltage N well region. An N 
type ion implantation is carried out to dope the semicon- 
ductor substrate 10 with N type dopants such as phos- 



phorus through the opening 15 to form an N well 16 in 
the high voltage device area 110. Subsequently, a thermal 
drive-in process is carried out to activate the doped N well 
16. The resist layer 14 is then stripped off. It is notewor- 
thy that the wafer is aligned by zeroth layer alignment 
marks that are typically formed on scribe lines in trench 
patterns. 

[0039] As shown in Fig. 2, likewise, utilizing the zeroth layer 

alignment, a HVPW photo resist layer 24 is patterned on 
the pad oxide layer 12. The HVPW photo resist layer 24 
masks the low voltage device area 120 and high voltage N 
well regions of the high voltage device area 110 except 
the area to be P type implanted (i.e., P well region or high 
voltage P well region). The HVPW photo resist layer 24 has 
an opening 25 exposing the high voltage P well region. P 
type ion implantation is carried out to dope the semicon- 
ductor substrate 10 with P type dopants such as boron 
through the opening 25 to form a P well 26 in the high 
voltage device area 110. Thereafter, the photo resist layer 
24 and the pad oxide layer 12 are removed. A high- 
temperature thermal process is performed to drive in 
dopants in the wells. 

[0040] As shown in Fig. 3, a pad oxide layer 32 is formed on the 



surface of the semiconductor substrate 10. A conventional 
chemical vapor deposition (CVD) process is then per- 
formed to deposit a silicon nitride layer 34 over the pad 
oxide layer 32. Preferably, the thickness of the silicon ni- 
tride layer 34 is about 1500 angstroms. 

[0041] a s shown in Fig. 4, a conventional photolithographic pro- 
cess and an etching process are performed to form a plu- 
rality of openings 35a, 35b, 35c, 35d, 35e, 35f, and 35g 
in the silicon nitride layer 34. These openings, which ex- 
pose a portion of the pad oxide layer 32, define the pat- 
tern of the field oxide isolation layer to be formed in sub- 
sequent processes. 

[0042] As shown in Fig. 5, a lithographic process is carried out to 
form a resist pattern 44 over the semiconductor substrate 
10. The resist pattern 44, which is also referred to as N- 
DRIFT photo, is used to define the N-drift layer in the high 
voltage device area 110. The resist pattern 44 has an 
opening 45 communicating the openings 35a of the sili- 
con nitride layer 34 above the high-voltage P well 26. A 
self-aligned N type ion implantation is carried out to dope 
the semiconductor substrate 10 through the opening 45 
and the openings 35a, thereby forming N drift layers 52 
(for HV NMOS devices) within the high-voltage P well 



(HVPW) 26. A thermal drive-in process is then performed 
to activate the N drift layers 52. The resist pattern 44 is 
removed. 

[0043] As shown in Fig. 6, after forming the N drift layers 52, a 

resist pattern 54, which is also referred to as LVNW photo, 
is used to define the N well region in the low voltage de- 
vice area 120. The resist pattern 54 has an opening 55, 
through which N type dopants are implanted into the 
semiconductor substrate 10 to form an N well 66 in the 
low voltage device area 120. The resist pattern 54 is then 
removed. 

[0044] As shown in Fig. 7, after the doping of the N well 66, an- 
other resist pattern 74, which is also referred to as LVPW 
photo, is used to define the P well region in the low volt- 
age device area 120. The resist pattern 74 has an opening 
75, through which P type dopants are implanted into the 
semiconductor substrate 10 to form a P well 76 in the low 
voltage device area 120. The resist pattern 74 is then re- 
moved. After this, the N well 66 and P well 76 drive-in (or 
LVwell drive-in) process is performed. 

[0045] As shown in Fig. 8, a conventional lithographic process is 
performed to form a resist pattern 84 over the semicon- 
ductor substrate 10. The resist pattern 84, which is also 



referred to as P-DRIFT photo, is used to define the P-drift 
layer in the high voltage device area 110. The resist pat- 
tern 84 has an opening 85 communicating the openings 
35d of the silicon nitride layer 34 above the high-voltage 
N well 16. A self-aligned P type ion implantation is carried 
out to dope the semiconductor substrate 10 through the 
opening 85 and the openings 35d, thereby forming P drift 
layers 56 (for HV PMOS devices) within the high-voltage N 
well (HVNW) 26. The photo resist pattern 84 is then re- 
moved. 

[0046] As shown in Fig. 9, a thermal oxidation process is carried 
out to form field oxide layers on the surface of the semi- 
conductor substrate 10 where are not masked by the sili- 
con nitride layer 34. Through the openings 35a, 35b, 35c, 
35d, 35e, 35f, and 35g in the silicon nitride layer 34, the 
field oxide layers 95a, 95b, 95c, 95d, 95e, 95f, and 95g 
are formed, respectively. The field oxide layers 95a are 
formed on the N drift layer 52, and the field oxide layers 
95d are formed on the N drift layer 56. 

[0047] As shown in Fig. 10, the silicon nitride layer 34 is removed. 
Lithographic and ion implantation processes are then per- 
formed to form N grade region 152 and P grade region 
156 in the HVPW 26 and the HVNW 16, respectively. The N 



grade region 152 borders the N drift layer 52, while the P 
grade region 156 borders the P drift layer 56. 

[0048] As shown in Fig. 11, a wet clean process is performed to 
remove the pad oxide layer 32 and an upper portion of 
the field oxide layers, thereby exposing silicon surface of 
the active areas. 

[0049] As shown in Fig. 12, a thick gate oxide layer 160 is ther- 
mally formed on the bare silicon surface of the active ar- 
eas. Preferably, the thickness of the thick gate oxide layer 
160 is about 700-900 angstroms, more preferably, 850 
angstroms. It is noteworthy that the N grade region 152 
and P grade region 156 are also driven in during the for- 
mation of the thick gate oxide layer 160. 

[0050] As shown in Fig. 13, P channel stop region 182 and N 

channel stop region 186 are implanted into the HVPW 26 
and HVNW 16, respectively. It is noted that the P channel 
stop region 182 and N channel stop region 186 are im- 
planted through the field oxide layers. It is highly sug- 
gested that the P channel stop region 182 and N channel 
stop region 186 are implanted into the semiconductor 
substrate 10 by using high-energy implantation (HEI) 
techniques. Threshold voltage adjustment for both NMOS 
and PMOS devices in the high voltage device area 110 is 



then carried out. After this, a P channel stop region and 
N-type Anti-Punch-Through (APT) 276 are formed in the 
LVPW 76. 

[0051] As shown in Fig. 14, a resist layer masking the high- 
voltage device area 110 but exposing the low-voltage de- 
vice area 120 is formed on the substrate 10. The thresh- 
old voltage adjustment for the N/PMOS devices in the 
low-voltage device area 120 is then carried out. After the 
Vt adjustment, the exposed thick gate oxide layer 160 is 
etched away. A thin gate oxide layer 260 is then formed in 
the low-voltage device area 120. Preferably, the thickness 
of the thin gate oxide layer 260 is about 50~70 
angstroms, more preferably, about 65 angstroms. 

[0052] As shown in Fig. 15, a 1500 thick doped polysilicon layer 
(not explicitly shown) is formed over the gate oxide layers 
160 and 260. A 1500 thick tungsten silicide (not explicitly 
shown) is formed on the doped polysilicon layer. The 
doped polysilicon layer and the tungsten silicide form a 
gate stack layer. The gate stack layer are then patterned 
into a plurality of gate structures 3 10, 320, 330, and 340, 
wherein the gate structures 310 and 320 are gates of HV 
NMOS device and HV PMOS device, respectively; the gate 
structures 330 and 340 are gates of LV NMOS device and 



LV PMOS device, respectively. After the formation of gates, 
spacers are formed on respective sidewalls of these gates, 
followed by an annealing process. Thereafter, a Lightly 
Doped Drain (LDD) process is carried out to form LDD lay- 
ers in the low-voltage device area 120. During the LDD 
process, the high-voltage device area 110 is masked by a 
photoresist layer. 
[0053] As shown in Fig. 16, a patterned photo resist layer 340 is 
formed over the semiconductor substrate 10. The photo 
resist layer 340 masks the low voltage device area 120 
and has a plurality of openings 350a, 350b, 350c, and 
350d exposing a portion of the high voltage device area 
110. The exposed portions of the high voltage device area 
110 through the openings 350a, 350b, 350c, and 350d 
are those areas to be heavily implanted with N type or P 
type dopants. Thereafter, using the patterned photo resist 
layer 340 as an etching mask, the high voltage gate oxide 
layer 160 is etched through the openings 350a, 350b, 
350c, and 350d. The photo resist layer 340 is then re- 
moved. 

[0054] As shown in Fig. 17, P + regions are implanted into the high 
voltage device area 110 and low voltage device area 120 
using a P + photo mask defining P + layer. Subsequently, N + 



regions are implanted into the high voltage device area 
110 and low voltage device area 120 using a N + photo 
mask defining P + layer. After the doping of the N + /P + lay- 
ers on the semiconductor substrate 10, an annealing pro- 
cess is performed. 

[0055] Finally, as shown in Fig. 18, a dielectric layer 500 is de- 
posited over the high voltage device area 110 and low 
voltage device area 120 using conventional CVD methods. 
Metal interconnection process is then carried out to form 
contact plugs 602 and circuit pattern 604. 

[0056] it is advantageous to use the present invention because: 
(1) the encroachment under SiN is alleviated since the im- 
plantation of HVNW and HVPW and the drive-in process 
thereof are performed prior to the definition of the active 
areas; (2) the drive-in process of the grade regions 52 and 
56 of the high voltage device area 110 is accomplished si- 
multaneously with the formation of thick gate oxide layer 
160, thereby avoiding potential field oxide thinning and 
kink effect of the low voltage devices; (3) the N type chan- 
nel stop and P type channel stop of the high voltage de- 
vice area 110 are implanted after the formation of the 
field oxide layers; (4) no polysilicon fence defects will be 
formed at the boundary between the high voltage device 



area 110 and low voltage device area 120. 
[0057] Those skilled in the art will readily observe that numerous 
modification and alterations of the present invention 
method may be made while retaining the teachings of the 
invention. Accordingly, the above disclosure should be 
construed as limited only by the metes and bounds of the 
appended claims. 



